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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 

method of a light-emitting device for accurately and 
efficiently cutting a wafer having a laminated structure, and 
to provide a light emitting diode and a semiconductor laser 
element 

SOLUTION: The method is characterized by comprising ^ ^^^jM 

procures such that a second groove 27 that reaches the ' 
substrate 1 from the p-type semiconductor layer 17b is 
formed along a line 5 cut for cutting the wafer 2 in a chip 
shape in a wafer 2 where a p-type semiconductor layer 17a 
made of a Ill-V-group compound semiconductor and an n- 
type semiconductor layer 17b are laminated on the surface 3 
of a substrate 1; a condensing point P is focused on the 
inside of the substrate 1 facing the second groove 27 for 
being irradiated with a laser beam L; a modified region 7 
formed by multiphoton absorption is formed inside the 
substrate 1; a cut-off origin region is formed inside the 
substrate 1 at a specific distance from the incident surface 
of the laser beam L by the modified region 7; and the wafer 2 
is cut along the cut-off origin region. 
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20 [006 2] Mt/>T. mm 1 OjP^. S:t>*®iif * 

m^^^i'X. '>x/N2©ztt73(R!CD^i&a*?*s-r^ 
(s 1 0 3) „ cntis sffil ©^aajb^e-m^msiF^ 

a«10«ffi3 C-r**3-5s m2(D?S2 7<Ol£®) 
2 7{r:A±f?tiSo 

[0 0 6 3] •>ji>'N2^^— ifAOX^Bl 0 0©^a-& 

1 Q7\n^x.f\Z(OY>m.^Wm\ 7 bill©®3b^^)tffl 

30 PvXi 0 5fiiJi:*fiRi'rs<3;d«M-rs, ^LT. 

ffl^Jll 1 7*^e.Rr«7t^§^^$-ti:T'^a:/N2©aH^ 
MB^1"S CS 1 0 5) o SiBJ$nfcr>ac/s2©«ffilC:fe 
ttSM2(D3l2 7(Dj£ffl*S«^l 2 1 iCiD^-T 

v>T»i»-r-^5fiiaagi?i 2 5i±. n^mjtMi i 7©nr 

m>t<D^^7b^^x^N2Ol|2<0S2 7 <0)£®tCfiai-r5 
<fc'5:&^;iS7='-:5?^?iS:-r5 (S 1 O 7) o 
[0 0 6 4] CfD^x— ^»l±X-7^— v'M^gPl 1 5tC 
40 JSienSo Xv"~v^M®SPl 1 5tt. eKD^Rj^T*— 
SfcLTZffiXx— 5^1 1 3^Ztt:^[ql0^16S--*5 

(s 1 0 9) o cri\t.i:.y)^j^m%m\ i_7omwt 

" ©^*^'>i7N 2oil 2 fiD^2 VOSB^ 

mmf-^^m^X 2 5«fi»x-:5rlcS-:3V-«T, 
H 2 2 7 ^-g-t?^' 2 ^'^Sl 
»-rSo 2:©l£:*:iii0x-^'a^#iiJ»SI5i 2 7^/rb 

T^r— 1 2 9fc3M&tU <iniC<t»?^^-^f 1 2 QfcM 

2 OP2 7 3e©ffi:^iii^7b'5^^m5<, 

[0 0 6 5] ±W^m^l 2 7 (ca^>i6X7^<y:^S 1 0 
50 3t?St«*n:fe^i6a7^-^*^A:5SnTfet)s c©^ 
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% L <Dm%^ p (D^wff^wsL 1 <o*s 3 ts' 

Wt:&«Jt-5fc. Ztt;^7^— v^l 1 3fc<fc!3'>x/N2% 

ZtiTalRjtc^i&^-fi-S (S 1 1 1) o 
[0 0 6 6] m^T^ W1f)tSl 0 1 IfTfcL 

mi^^n^o ^fc. Ccot*, r7feL^®2(DS2 10 
7 ©ifSJ; »3 fem^lSBlcA*f bT. ^2 OSf 2 7 (O^^: 

iint.^m-^y5^(o^mmm7 o:>m^-. m2<om2 7 

»2 7)£fB{C*3^t5P— »f^L©SSf^. m2®)t2 7 

C0 0 6 7]mVT. ^2©^2 7tC?S^J;^lCXttX 

7—-J\ 0 9^YttX7"-$;'l 1 i:?:^i6$-&Ts ^2 
0?«2 7 tcjftd id fc3tMffl^7 ^«^J^^-rS*\ 20 
;SVHim2<D?||2 7<DS^:^lRllcailbT?g^U -SIW 

5 o ^f^^^M? 1 (opm\zm^ 
■rs (s 1 1 3) , 

[00 6 8] cc-e^ ntfiai 8^#M'rsi. ^y^u^^ 
micm-ort7:^^\z^wm(D'^-yficwmts, (S9. 

[0 0 6 9] i:i±mmhrc^5ic. ^mmmmi^^^^ 

2 pM^i^f^ii 1 7 b jb^ t^WSL 1 ^<:«-rS0 1 <D» 

2 55^tfl|2®»2 7A':j^^^tl5CfctCj;oTv 

1 7 s.msY>^^^wm 1 7 b*^msoJ^«^^ 

Sfcinx^n^o ^bT> '>x/N2<Da«i©t^mc^ 

T. m^^^^'<i^5\z.f^^tcm^m^mm^'?^is.-& 40 

^2 3«:if©tbK«>/h5*:^T?fiJoT^»f?nSo b/£ 

Tb^oT. <::cD»3g75-SS:?J^)t^fV^-Ffc .stiff, n 
m^mwm 1 7 a^pM¥»f*:Ji 1 7 b:S:if©a»«ig 
^^•r 2 ^]«¥li^3b^-^^56* J: < WtWrs c i:*^ 

[0 0 7 0] sfc. '^7x7^;&•^if•rs^^cy^^'-F:^^v 



16 

[0 0 7 1 ] $^c. 

2 2 7 OJSffi* Wif3ttA*fMfc bTV>5„ C CDS! 

x/N 2 ±t».^$nfe w^-^^-Y V 5 \cmm 

[0 0 7 2] Sfc. *SI)im^fc^S^*?©MiS^ 
atC^SV^Tli. ^'x>'N2lC^2£D»2 7^Jg^'rS^ 

tc, n 2 ©jg 2 7 (Dmm^^mti^-z>mmmmir^ c t 

:6WSbI/^„ cntCjcoT. ^2©S2 7(DjSB^lx— 
if^tAfcfMir-r^^fc. ^2 ©p2 7 ®j£H(c:j3^J5 

[0 0 7 3] ^fc. :^:^smmim^mf(^=¥(o^:^ 

feSlr^v>Tt±. 3fcM^^7;&J^^-rs^fc, 1^2 2 
7®ft#:^(Rii:3SM'r5:^rRi©?5tH««S7(DiS^. ^2 

(0SI2 7©SK:i5-|fil©«gJ;t)'&»<Jg^bTV->5o 

»5t73SfC <J;n{*\ If ^ L 2 C0« 2 7 ©iffi J: !3 

t?. ^2(D«2 7<D^H®nffiiji^#jll 7 aS^P— 9* 
[0 0 7 4] a« 1 ©Sffi2 1 ;grl^— if^A*fM 

H«i^7:&Jg^bT'6.J:V''c C O J: •d fc-rnif . ^2© 

» 2 7 (Dmmt,m^''^j: e ©a* fr j; ti i^—^^ l (Dxm 

teil^^l/^^-e^oTfes '>x>'\2 0affil ©rtilSli: 
7 Tfc o TWWf^ffiJi^;&?^fig-r s s: a *^T*% 

69$«SI/^^2(D«2 7©jaffi<J;f3fe. »«l<D«ffi2 1 d 

{$5*^¥S*^-::>?tMfi:j^figb-^-rv^»&*^S5o £:<DJ: 

-7^2 3^^JL^\2(Dpm^^mi 7 bM©®icas§ 
[0 0 7 5] 02 Sli. 2^^J^®{CJ;5^)^?©S 

iC©t!StKffi«?7;SrJgfig-rs„ 3feK««7^CcD<J:dfcJg 
^fSfca. 01 9te^?tl?c:7D— FOX-r-y 
7'S 1 1 1 (•i'x/A^ZttiS-lRjlc^Kl) i:X-r--yys 1 

13 (.■^mmm<Dm^') t:^^mcmmm^7oti:\,\ 
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[0076] ■i^wem<o j; -5 fc^Mffl^c 7 ^?^j^-r 5 C 

:^[Rjlc^S««?7teJ;5i'^-yi'«j^«^-^tifi> ^SP 

So 

[0 0 7 7] 02 6l±. *||]^?^,«fc<J:5f%)16*?OM 

^mmrH±. >>ai/N2{C7S2 s^j^^-rse co?i2 8 

i±3^L;fc^l ©?«2 5S:r5^2©)S2 7 i:®*B^ 
li. (1) pogg^ If mm 1 <?)«M 3J;»5t>8?<}gfig^ 
tlTV^SCt. RTf (2) mi 0»2 5S.tfM2cD»2 
7©J:'5lC2®Pgt?a^<. lgPg-ej^^StlT(.^SC 
tX^^o >i/Ji/N2fc?g^^*xSg|l4c:©J;5«:Jgl«T 
a5o T J: < ^ ±ELfeSIS!!J^^fc IBI^Ojam^^-r S 

[0 0 7 8] mz 7Rtf02 8«. *JI»SJgfilfc<};S^ 
[0 0 7 9] 02 7^#Bg'r5i:v afs^JKMfcffiV'e.tl 

o«® 3±icaji*nrcm i m^^»mx&^ nm 

^^mS Sat. nS^^g^MS 3 a±fc^^t^?£ 

?S1SS3 3 b jgttMS 3 b±fcMBSnftm2#« 

pM^«#:*3 3 c i:^«;lTt,-'So 
*aJ^Wi:*3t/^T> nS¥^#:/i3 3a. Stt® 3 3 
b. RCf pffi^*#e3 3 c a. G a N^HOII 30 

1 - V mit^^^mi^tf^ t) s «^ #P«5t^«^ L 
T^^So **5. *^Jg0!|lC43^tS'J'a:>'N2 a 0 1 5 
RXfm 1 6 lC^?ti;fe±K*S©^^«5^ x-'N 2 IBIfig© 

[0 0 8 0] :$i^j^mic^:s,mtm'?<D^^mxit. 

^t. '?x/N2 a©«a2 1 tCX4^X/^VK7"-y2 3 
:&a55o ^-LT. •>a:/N2 a<DpS¥##:/i3 3 cM© 

^-YVS (HI 6#Sg) tcj^oTs pMi|^^^*:M3 3 c 

2 8:&. affil Ci«®3<fc'?fe^<J^j5gLTV^5o S 

d O €s » 2 8 ®®iafi:.Jt o Tj..jS'ttl 3 3 bjt; 

$^SB3 Sjb'Jfg^^nS. Jt^3 Stis ?gtt)i3 3 b 
^g^A.-t?2tiJBfiK5n. <l0 2®l±SV-'lc>i?flRl'rao 

[00 8 1] m^^x. m 8©)S®^i^-iJ-*jtA*f®J: 

«7:&]fgfi)cL:*7b^6»2 8 (D«#;5-|Rlfc©oT*^P 
*^Kl-rs cl J; t) . a« 1 ©F^gPlc^W^ffli^^ 
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VHt^— :/2 3«#a'-rctti:<kt)x ^'x>'n2 a^-^ff 
3 7:&#S„ 

[0 0 8 2] *S?^^yic<j;t3»e>ns*^#l^1f«^ 
3 7li. •>i^N2lCpSi^#«3 3c*^&SSllcg 
•rS»fc<J:-pT. nS!i|i^S3 3a. jgtte3 3b. 
RZfp m^mwn 33c *'!»fa©3^« xfS i: * ^ 1 1. 
tc, l/-1f^©?-c360«ig® 3 5 *^?gtt» 3 3hizm 
JlK^nSc -ebT. j:/N2<DS«10F«3g!5k:^7l&?!R 
iRt</^dlf*lc J; >3?^^^tiS^Sffl^7 TfeoTJ^^ 

1 i!)mmmj^mmKmr:>xtmm^h-sis:tiX'pi':>x 

mmt£tl^o hfcifi-^X. nS^^f*M3 3a. gttJl 
3 3 b. Rt>*pS*m® 3 3 c:^^©^^^?!^*^- 

[0 0 8 3] jx±. ^^mo:>mmmmRzf^mmic-o\,^ 
xmmicmmi.rci3\ :^mMiii±mmmmmsmmm 

[0 0 8 4] ±fHMSmiRtf^Jgf!lT«. S^g(D#i^ 
i£S i Cs Sis ZnO. A 1 N. RUG aAs^E^^ 

tmWct. M^«*G aAlAs, GaAlAsP. G 
aAl I nPtS:E<OUl-Ym^ms^m\'^^Ctiii-X^ 

[0 0 8 5] ^fc. Ul-vmit-B^o:>t3:tf^Xhm^lS 
I nxA IyG ai-x-Y N (X^O. Y^O. X + Y^ 

1) T'^^n?. j;^:feSft®3Sni-vMt:-&tf (G a 
Its G a A s :*HlCit-^T»Mtt*VJ^3 < , #fFS:M 1 

[0 0 8 6] ^fcs ±mm&mmRxfmmmc^id^^ 

x%xi\ 02 9 (a) ~ (c) lis ±mLrdmMmm 

—m^^Trnx^^^ s-r. 029 (a) ic^snsj; 
^x./^z(Opm^mi^mi 7 bfi!i<Dffite-r-:/2 

4^Ii5Sc ^VXs 02 9 (b) lc5^^txS.J;5fi:. S 

m 1 o«B2 1 ^STSLT. a« 1 ^DiP^^/J^^ < -r 
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02 9 (b) l,imWitli±rfM(Omc-^r3T\,-^^o ^v-^ 
12 2 9 Cc) IC^Sn^ii^lC. -r— 7°2 4^I^S 
U affil 0«a2 1 fcx4^X/^V F-r-7°2 S^ftS 

[0 0 8 7] a«*u[:*iW)tv^«-grtet±. atg^wifr 

[0 0 8 8] ^f::. ±fe*SSm^RO"*fitWeii. 
Xm 2 ^WS*^ n T J; V^o 

[0 0 8 9] sfc. iiB^ssmiT-a. -eawe^^fflj^Tb^ 

[0 0 9 0] 

mf(ow&yDm. ^^-r^-F. jfcrf4^»f*u-+f^ 
m^mf^ 'y i^-N^WiWig^^o^* * < -es^f s c 

[ia®©ffi¥^Bi?8] 

im 1 ] w^fiiDXpfoas 1 ci¥ffi^T-£5o 40 
[0 2] 01 tc^'ra®©ii-ii»c?so:fet^ffi0-e^ 

§0 

[0 3 ] i^-ifSnim^oBSoTffiHT-^ 5o 

[0 4 ] 0 3 icmt&m.mv-imicra-otcmmm'v^ 

[05103 fc^-r»*gov-vigic?£jo tcwmmx^ 

[06] ^»f$ti;fea®coTffi0T-aB5„ 

[07] :^mmm-vm^^^]^^iax.:^icmf?>n 
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[0 8 ] **Mj(gffiT'fflv>§ u—if iDX:^©M 1 IS 
\cmf^mu<Dmmmx$>^o 
[09] *sis©^^TMt-> 5 1^- if inx:^©ii 2 x@ 

[010] *JISI^.^T-fflt,^5ix— ifiox;^ft©||3X 
Sfcfett SaS© iffi0-e2& :S o 
[011] 2^3l»!S^^T?fflV^S^-1fADX:^S(DM4X 

[012] *iyajgffiTfflv'>5i-'-ifinx:^at 
[013] **SSJgS|-?-fflv^5i^-lftox;^&lc*3Jt.g. 

[014] ^-1fADXS«©»«^0-eJ62,<, 

[015] **iSjeM}ci^s^5tm^^o»ig:^ic:fei/> 

[01 6] 01 5fc^^tlfc<?x/N©JFffi0-eSS<, 

[01 7] 01 eic^sn^-Ox/Novi-vi^srfvi 
[018] :^mmm\c^z^y6m=?(om^:^:^mm 

[019] 01 4lC^2tlfcl^— tfAaX^H^fflV^Te' 

[02 0] mtm'?'(D^-:^m^mm-r^rcit>(D'yaL^\ 
[02 1] ^7t^^©^ii:^>&iiwrsfc4e>o'j^i/N 

(DW®0-?'feS„ 

[02 2] ^7t^^offljt:^a^»i0jf S;rcJ6cD'^7x/N 
[02 3] %)t*-?©is6i^^iiw-rs:feJ6©'i/x/N 

C»WB0"J:-a&5« 
[02 4] §^?t«^(D«f3i^;&SiBJ-rSfe*(D'i^xM 

(D»fM0l?a55o 

[02 5] :^mmmmicii^^^^(om&^<Dmm 
[02 6] :mmmKi:^mfim^(owk-:m(om<D 

[0 2 7] 2^54}g^lcj;S^3t^^©tgi&^CDSiJCD 
[02 8] *IISSJ^.^lc<};S^)^*^©«[ii::^©S!I(D 

^J^M^iisj-rs;fcJ6o»fE0-r-2&5„ 

[02 9] 'p:^/^<Dmm<Dmm^mm-r^:^m(D—m^ 

1 -a^N 2. 2a "'i7x/V 3-«Ms 5"-^»f^S 

i^mi^. 1 i—>'j3>">x^v 1 3-j§si5aa^«s 
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1 7 a•••ns*»^*«^ 1 7 h-pm^^m»m. 1 9- 

X/^VFt^-T". 2 4 —7"-7'. 2 5-111 CDP. 2 7 
-^2CD«. 2 8-». 3 1 •••fg)^:^V:t-h% 33 a 

-nm^mi^m. 33b--m^s 3 3c-pM^#; 

3 5-«sffi. 3 7 ■■■^mi^u-'>fm^. loo - 
w^f^^JXSS^ 1 0 1 -ly—'^f^M. 1 0 2 - wif 
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^SS|JWSP^ 1 0 s-^^Wi'n-Yy^^^-s 10 5- 

mytmiy^^x. io7-im-B. io9-xttx7"- 

i>\ 1 1 1 5^. 1 1 3-ZI4Xv^— v*. 1 

1 5 ■■•7,v—-jmm^. 1 1 7-m»mmm. 119- 
y 121 -mmm'. 1 2 

1 2 5 •••a«l-r-:J'®aa5. 12 7-^^ 

SIJ. i2 9--=e^^. L -ix-ifJte^ v-nyti^o 
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